Evidence of the growth-promoting effect of long chain alcohols can be traced back to 1959, when Crosby and Vlitos (4) demonstrated enhanced elongation of Avena coleoptile sections. Several years later, TRIA2 (a naturally occurring, 30-carbon, straight chain, primary alcohol [CH3(CH2)2sCH20H]) was shown to increase the dry weight, leaf area, and, apparently, the total N when applied to rice and corn at concentrations ranging from 1 to 1,000 lug/l (17) . TRIA had no effect on nitrate reductase activity in corn or rice at concentrations required to induce apparent N increases (13) .
TRIA-induced growth increases in rice proved to be independent of light conditions, and CO2 concentration appeared to play a regulatory rather than a substrate role (2) . Six-h dark responses were characterized by increases in dry weight, soluble and insoluble Kjeldahl N, and soluble carbohydrates. Jones et al. (11) demonstrated that a chain length of 30 carbons with a terminal hydroxyl group was specific for TRIA's growthpromoting activity. Tests of the growth-promoting activity of TRIA analogs, varying in chain length from 16 to 32 carbons, proved negative. In fact, these compounds resulted in inhibition of the TRIA response when applied simultaneously (11) . Thus, the primary alcohols, octocosanol (28-C) and tetracosanol (24-C), are excellent inhibitors of the TRIA response at equimolar rates. TRIA increased the protein content of tobacco cell cultures. The response involved an increase in cell number, indicating a stimulatory effect on the rate of protein synthesis (8) .
Metabolic profiling of extracts from rice seedlings grown in nutrient media containing D20 showed that TRIA increased the incorporation of deuterium into several a-amino acids and organic acids (5) .
This study was initiated to reveal the source of the total N increase which occurs both in vivo and in vitro in TRIA-treated rice and corn seedlings and extracts.
MATERIALS AND METHODS
Preparation of Plant Materials. Rice seed (Oryza sativa L.), or 'ESD 7-1' (University of California, Davis, CA), was surface-sterilized with a 0.1% (w/v) solution of mercuric chloride.
The seeds were planted in 77-ml plastic cups containing Turface, a clay substrate (Wyandotte Chemical Co., Detroit, MI) and watered to saturation with distilled H20. Growth conditions were a 16-h photoperiod at 30°C and an 8-h night at 25°C with approximately 7.0 ,iw/cm2 in the photosynthetically active region (400 to 700 nm), as measured at the top of the canopy with photometer (International Light, Inc., Newburyport, MA). At the 7-to 11-day-old stage, the seedlings were transplanted into 220-ml plastic cups containing 180 ml of quarter-strength Hoagland solution (pH 4.5) containing 3 mm nitrate N (9). Four seedlings were suspended in the solution by a foam rubber disc in the top of the cup, which was wrapped in aluminum foil to exclude light.
Nutrient solutions were renewed every 2 to 3 days thereafter with half-strength Hoagland solution containing 6 mm nitrate N.
Field corn (Zea mays L.), 'Pioneer 3780,' was sown in 18-cm clay pots (eight seeds/pot) containing a sterilized mix of equal volumes sand and sandy loam soils. The pots were placed in the greenhouse with a night temperature maintained at 25°C and a day temperature averaging 30°C. After 7 days, the seedlings received a commercial soluble 20-20-20 fertilizer twice a week at a concentration of 1 g/l. All plants received fertilizer or fresh nutrient solution the night before an experiment took place.
Preparation of Treatment Solutions. Treatment solutions were prepared from pure TRIA (American Cyanamid, Princeton, NJ) made up in stock solutions of 0.1 to 1.0 mg/g (w/w TRIA-Tween 20 (polyoxyethylene sorbitan monolaurate). The amount of stock added to glass distilled H20 was adjusted to achieve a final concentration of 0.1% (w/v) Tween 20 and 100 to 1,000 ,ug/l TRIA. Treatment solutions for the inhibition experiment were prepared by dissolving TRIA or tetracosanol plus TRIA in chloroform (1.0 mg/ml) and diluting aliquots with distilled H20 containing 0.1% (w/v) Tween 20 to give a final concentration of In Vivo Assays. Rice seedlings, previously sorted and blocked for size, were selected for treatment utilizing a random number For the in vitro tests, supernatants of corn leaf homogenates were pipetted (80 ml) into 250-ml Erlenmeyer flasks from which zero-time samples were removed. The flasks were stoppered, and 22 ml of the atmosphere within the flasks were replaced with 22 ml of 15N2. This resulted in a 13% '5N-enriched atmosphere in each flask. The flasks were incubated for 120 min at 25°C in a water-bath with gentle shaking. Similar size samples were taken at the conclusion of the incubation period for total N 
RESULTS AND DISCUSSION
In Vivo and in Vitro Assays. Rice seedlings gained in fresh weight and in total N within 40 min of exposure to TRIA (Table  I , test 2). The increase in N paralleled the increase in fresh weight. Interpretation of the data was complicated, because the increase in total N was larger than the amount of N provided to the plants via the nutrient solutions (0.14 mg N).
To further define the role ofthe nutrient solution in the apparent N increases, the total N in both whole plants and nutrient cultures was analyzed. After 40 min of exposure to TRIA, total system and total plant N had increased 21 and 24% respectively (Table I, test 2). The increase in total system N was further evidence that TRIA enabled the plants apparently to accumulate N from an unknown source.
In a similar experiment, the activity of TRIA was completely inhibited by tetracosanol (Table II) , as previously reported (11). The total N content of the plants and plant-nutrient culture systems following 40-min treatment with TRIA was 12% and 7% higher, respectively, than that in the control or the TRIA + tetracosanol treatment. The total N increases apparently are unique to TRIA applied alone. A similar increase in total N content of the supernatant of extracts from TRIA-treated corn leaves was evident over a 2-h incubation period. The concentration of total N in the 8,000g supernatant significantly increased from 74.7 mg/g in the zerotime control to 81.5 mg/g after 30 min. The N concentration was 81.8 and 82.9 mg/g after 60 and 120 min, respectively. Previous research (10) has shown that treating the leaves with control solution has no effect on the total N content of the supernatant from either corn or rice. Apparently, TRIA also enabled a source of N to accumulate in the in vitro system. Several studies were conducted to establish whether or not the analytical method for N or the nitrate content of plants was responsible for the apparent N increase in TRIA-treated plants.
Plants were grown with only ammonium as a source of N prior to treatment, and then the same plants were analyzed by both the automatic procedure and the manual procedure for Kjeldahl determination. The results of the two methods were closely correlated, although there was more variation in the manual procedure (Table III) . The increase from TRIA was clearly not due to a reduction of nitrate in the Kjeldahl procedure, because these ammonium-grown plants contained little or no nitrate (Table III) .
Another rice test was analyzed for several elements including N by the micro-Kjeldahl procedure of Galbraith Laboratories (Knoxville, TN). These plants were also analyzed at Michigan ' F value for comparison with controls significant at the 0.0 I level.
Plant Physiol. Vol. 68, 1981 State University (East Lansing, MI). The Galbraith results were highly correlated (r = 0.88**) with the Michigan State University results. Both showed increased total N from TRIA-treated plants based on N concentration or N per plant. The N results shown in Table V were obtained by manual Kjeldahl procedures in the Tennessee Valley Authority laboratory, Muscle Shoals, AL.
To further check the automatic micro-Kjeldahl procedure, it was compared with N analyses of the same samples by F. M. Ditri (Institute of Water Research, Michigan State University) using a Perkin-Elmer 240 elemental analyzer. Again, the results were similar (Table IV) To test the hypothesis that atmospheric N2 was the source of additional N in TRIA-treated plants, the atmosphere surrounding the seedlings and in vitro supernatants was enriched with 16N2.
After a 40-min incubation period, TRIA had increased both the dry weight and the total N content of rice seedlings (Table V) . The total N increase followed the gain in plant dry weight (mg/ plant). If the apparent 7.5% increase had come exclusively from N2 in the enriched atmosphere, the atom per cent "5N in the TRIA-treated plants should have increased from natural abundance (0.362%) to approximately 0.978%. No change in atom per cent 15N was apparent; thus, atmospheric N2 was not the source of the increased N in TRIA-treated plants.
An atmosphere enrichment experiment utilizing the supematants from TRIA-treated com leaves showed a 5% increase in the concentration of N after a 2-h incubation period (Table VI) . For Rice shoots were labeled with 15N for 96 h prior to treatment and then treated with TRIA for 80 min. The gain in N (25%) occurred at a faster rate than did the gain in dry weight (7.7%), as was apparent from the 16% increase in N concentration (mg/g dry weight) (Table VII) . Had the 25% increase in shoot N come from a nonlabeled, contaminating source of N, the atom per cent "5N in the TRIA shoots should have been reduced appreciably. This did not occur, which indicates that the source of the apparent increase in N is not a contaminant from outside the system. Therefore, it must arise from within the plant itself. Similar depletion data were obtained with supernatants from corn leaves (13) .
Nitrogen in many organic compounds, including various forms of protein, is present in higher valence states, and is only partly detectable via Kjeldahl analysis (6) .
The hypothesis was proposed that TRIA stimulates the conversion of one or more pools of non-Kjeldahl-detectable nitrogenous compounds to detectable forms within the rice seedlings. This could occur directly via stimulation or inhibition of N metabolism or indirectly through alterations in carbohydrate and reducingsugar pools within the plant. For example, reducing sugars have been found to increase following TRIA application (10) , and there is evidence that such compounds result in greater reduction of nitrate to ammonium during Kjeldahl digestion (16) . Such a conversion might be detected on the basis of depletion of TRIAtreated samples, assuming that non-Kjeldahl-detectable nitrogenous compounds exhibit slower metabolic turnover rates.
A series of N distribution experiments was designed to reveal a TRIA-induced movement of N between soluble and insoluble pools on the basis of depletion. By prelabeling soluble and insoluble plant fractions with 15N prior to treatment with TRIA in unlabeled nutrient solutions, movement of N from one fraction to another could be detected and appropriate comparisons made between control and treated plants.
In an 80-min distribution experiment, TRIA-treated plants gained in dry weight and in total soluble N compared with controls (Table VIII) . The atom per cent "5N values for both the soluble and the insoluble fractions were variable and showed no significant trends. Thus, TRIA did not induce interconversions of nitrogenous compounds within or between the two fractions.
A similar distribution experiment showed that the TRIA-treated plants gained in dry weight, soluble protein N, free amino N, and insoluble N after incubation for 80 min (Table IX) in N appears to be interference by TRIA to systems for N analysis. TRIA probably alters plant metabolism leading to compositional or chemical changes which interfere with the methods for detecting total N studied in this research.
